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ABSTRACT 
Objective: To maintain minimal growth in in vitro Vanilla planifolia hybrids. 
Design/Methodology/Approach: Explants of seven interspecific hybrids of V. planifolia with different origin parents were 
used. The treatments consisted of different doses of mannitol and sucrose in the culture medium which varied from 0, 5, 
10, 15, 20, 25 and 30 g L1. The number of nodes, shoots and roots was recorded every 30 d for six months. 
Results: 30 g L1 mannitol and no sucrose in the culture medium allowed minimal growth in most of the hybrids. The 
higher the mannitol and lower the sucrose content, the length, number of between nodes, shoots and roots of the 
explants was lower (P0.05). 
Limitations of the study/implications: There is a differential behavior between the biological material and the used 
culture medium, particularly in hybrids, due to their new genetic combinations. Therefore, for their conservation, the 
culture medium components must be adjusted.
Conclusions: 30 g L1 mannitol without sucrose in in vitro culture medium significantly reduces growth during 180 d in 
vanilla hybrids. 
Keywords: Ex-situ conservation, in vitro culture, vanilla, mannitol.
INTRODUCTION 
Vanilla (Vanilla planifolia) is a species of the Orchidaceae family (Hagsater et al., 2005; Freuler, 2007). Soto (2003), Bouétard et al. (2010), and Gigant et al. (2011) reported that there are around 110 
species in the Vanilla genus distributed throughout the tropical areas of the world. This number keeps increasing due 
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to reports of new species, such as V. rivasii in Colombia 
(Molineros et al., 2014), V. soto arenasii M. Pignal in Costa 
Rica (Azofeifa et al., 2017) and V. yanesha in Peru (Damián, 
2019). In Mexico, there are ten reported vanilla species 
(Soto, 2003). The assessment of the morphometric 
variation of fruits and seeds in four species of the Vanilla 
genus by Reyes et al. (2014) proposed the separation 
of three clones within V. planifolia. Flores et al. (2017) 
report seven species distributed throughout nine states 
in Mexico, taking into account georeferenced data from 
national and international herbaria and data from the 
vanilla germplasm bank; These authors mention that, 
in Mexico, the number of species in the Vanilla genus 
may increase, because not all the areas where Vanilla 
species possibly exist in the wild have been assessed, and 
therefore taxonomic studies are necessary to identify 
species and clones within species. Ramos-Castellá et 
al. (2016) separated accessions of V. planifolia and wild 
cultivars from Oaxaca and Quintana Roo, Mexico, using 
molecular techniques. These last three studies indicate 
that the vanilla diversity in Mexico may be more extensive. 
The cultivation of vanilla in Mexico presents technical, 
organizational, environmental and ecological problems 
that limit its production (Hipolito-Romero, 2010; López-
Juárez et al., 2019; Santillan et al., 2019). Vanilla planifolia 
is the species with the largest planted area worldwide 
and the most demanded in the food industry for its 
aromatic qualities (Bory et al., 2008; Greule et al., 2010). 
FAO (1995) considers it as a species with a high degree 
of genetic erosion. In recent years in Mexico the sown 
area has been reduced and low yields are recorded (Luis-
Rojas, 2020); In addition, it is considered a secondary 
economic activity with elderly producers and in a 
smallholding situation (Santillán-Fernández, 2019). The 
NOM-059-SEMARNAT-2010 standard considers it as a 
species subject to special protection. Faced with this 
situation, it is necessary to create technological strategies 
for both in situ and ex situ conservation that can help to 
stop the loss of genetic diversity of the Vanilla genus in 
Mexico and worldwide. In this regard, Azofeifa et al. (2014) 
mention that the conservation of the genus Vanilla must 
be under an integrated strategy, that sustainably allows 
its perpetuity, conserves the greatest possible genetic 
variability and significantly reduces the vulnerability of 
some of its species. 
Among the different methods of ex situ conservation 
is in vitro conservation, which has advantages such as 
space and labor saving, development of healthy plants, 
high multiplication rates, constant supply of plants to 
producers and maintenance of the genetic fidelity of the 
material (García-Águilar, 2007; Engelmann and González, 
2013; Bonilla et al., 2015). The minimal growth of explants 
in vitro has allowed successful medium and long-term 
conservation (Divakaran et al., 2006; Rayas et al., 2013; 
Bello et al., 2015). For this technique development, 
components have been used in the culture medium that 
retard the growth of the explants to avoid subcultures in 
short periods. Osmotic regulators such as mannitol and 
sorbitol (Montalvo et al., 2007; Hassan et al., 2014) and 
growth inhibitors such as abscisic acid (ABA) (Pence et al., 
2002; Sarasan et al., 2006; Barrueto and Carvalho, 2008) 
and paclobutrazol (Ziv, 2000) have been used. Ávila and 
Salgado (2006) used sucrose, mannitol and sorbitol in 
the in vitro conservation of water yam (Dioscorea alata) 
and white yam (Dioscorea rotundata). Rayas et al. (2013) 
studied the effect of mannitol and silver nitrate for in vitro 
conservation of malaga (Xanthosoma spp.). Muñoz et al. 
(2019) reported that mannitol and sorbitol significantly 
reduce in vitro growth in three native Chilean potato 
(Capsicum sp.) genotypes. López-Puc (2013) developed 
an in vitro slow growth protocol for the conservation of 
the orchid Epidendrum chlorocorymbos SHLTR, where 
1 % sorbitol and MS at half its ionic strength proved to be 
effective. In vanilla, Divakaran et al. (2006) used mannitol 
in the culture medium for minimal growth in several 
species of the genus Vanilla from India, allowing their 
conservation for more than seven years. In Mexico, Bello 
et al. (2015) used mannitol and poliethylenglycol, abscisic 
acid and paclobutrazol for V. planifolia conservation in 
slow-growth conditions, prolonging the period between 
subcultures every 180 days, without affecting the viability 
and phenotype of the plants. 
The studies in Mexico for minimum growth in vanilla has 
focused only on V. planifolia and not on its interspecific 
hybrids. Such information is necessary for a genetic 
improvement program of vanilla, given that the crosses 
generate genetic combinations different from the 
parents. Also, each hybrid behavior may be different in 
the culture media used for the conservation of materials 
with high agronomic potential. Therefore, the objective 
of this work was to evaluate the effect of mannitol and 
sucrose, both individually and jointly, at different doses 
in a culture medium for in vitro conservation for minimal 
growth conditions.
MATERIALS AND METHODS 
The biological material used was seven single-cross 
hybrids obtained from ten accessions of V. planifolia from 
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Chiapas, Puebla, Quintana Roo and 
Veracruz, Mexico, from the vanilla 
germplasm bank of the Benemérita 
Universidad Autónoma de Puebla. 
The crosses were manually carried 
out during March and April 2013. 
The fruits were harvested 60 d after 
pollination. The in vitro F1 seedlings 
were obtained in the in vitro and 
cryopreservation laboratory of 
the National Center for Genetic 
Resources (CNRG) in Tepatitlán, 
Jalisco, Mexico. In vitro culture 
was carried out in four stages: 
disinfection, sowing, incubation, 
and multiplication. 
For the maintenance and 
multiplication of the in vitro plants, 
the culture medium proposed by 
Murashige and Skoog (1962) was 
used, supplemented with 30 g L1 
sucrose, 1 g L1 activated carbon 
and 8.5 g L1 agar. The pH was 
adjusted to 5.7 with a potentiometer 
(HANNA®), the medium was then 
sterilized in a Yamato model SM200 
vertical autoclave during 15 min at 
121 °C. The plants were incubated 
at 18 °C, in a 16 h light and 8 h 
darkness photoperiod, with a 68 
mol m2 s1 light intensity, using 
white fluorescent lamps. Twenty 
protocorms from each cross were 
grown to a height of 12-15 cm. This 
procedure lasted 2 years (2015 to 
2016). 
For the in vitro culture under 
minimum growth conditions, 15 
plants of each cross were used, from 
which, 1 cm length axillary buds 
were cut inside a laminar flow hood. 
These buds were then sown in 22 
 220 mm test tubes containing 15 
mL culture medium. The medium 
was MS with (0.22 % (w/v)) Gelrite™ 
(Sigma®) as a gelling agent, mannitol 
and sucrose were added as a carbon 
source at concentrations of 0, 5, 10, 
15, 20, 25 and 30 g L1. The explants 
were incubated at 18 °C during 16 
h light and 8 h dark photoperiod, 
with a light intensity of 68 mol m2 
s1, using white fluorescent lamps. 
The different the treatments were 
the concentrations of mannitol 
and sucrose (Table 1), which 
were distributed in a completely 
randomized experimental design 
with three repetitions, and 10 
explants were used per treatment. 
The assessed variables were the 
length of the explant, number of 
internodes, and the number of 
shoots and roots. Five evaluations 
took place every 30 days, for six 
months. An analysis of variance and 
means comparison was performed 
using the Tukey test (P0.05), a 
simple linear regression analysis 
considering the explants growth and 
the time of evaluation with the SAS 
v9 software (SAS Institute, 2002).
RESULTS AND DISCUSSION 
Treatment T8, with 30 g L1 
mannitol and without sucrose in 
the culture medium, allowed the 
shortest explants length, with 11.42 
mm; although it has no statistical 
differences with T7, T6, T5 and T1, 
had no roots and allowed lower 
values in its between nodes and 
Table 1. Mannitol and sucrose 
concentration in culture media for 
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Table 2. Effect of mannitol and sucrose on in vitro growth of interspecific hybrids of Vanilla 










T1 11.60c 0.16f  0.93b   0.03e
T2 26.56a 2.39a 1.09a   1.28a
T3 21.36b 1.91b 1.11a 0.94ab
T4 19.05b  1.78bc 1.10a 0.63bc
T5 15.10c 1.32cd 1.12a 0.46cd
T6 14.36c 1.09de 1.0ab    0.37cde
T7 13.09c 0.69e   0.98ab 0.11de
T8 11.42c 0.11f   0.98ab    0.0e
DMS 3.71 0.46 0.14    0.40
Means with the same letter in columns are statistically equal (Tukey, 0.05).
number of shoots (Table 2). The 
data suggest that the higher the 
mannitol concentration the slower 
the explants growth is and similar 
to T1. This behavior was due to the 
fact that in T1 the culture medium 
was not supplemented with sucrose 
and mannitol. Similar results are 
reported by Rukundo (2012) who 
found slow growth in banana 
seedlings when he used mannitol 
as a carbon source. Fortes and 
Scherwinski (2001), and Espinosa 
et al. (1986) reported that, in potato 
(Solanum tuberosum), mannitol 
reduces growth and the number 
of shoots per explant. Borges et al. 
(2003) reported a minimal growth 
effect in buds of D. alata when using 
6 AGROPRODUCTIVIDAD
Agro productividad 13 (12): 3-10. 2020
mannitol at higher than 5.5 % concentrations. Starisky 
et al. (1985) observed that mannitol in culture medium 
significantly reduces the growth of shoots of Colocasia 
esculenta and Xanthosoma brasiliense. The mannitol 
concentration in the culture medium are variable, since 
it depends on the species or plant variety, because this 
compound can be naturally produced in various plant 
species such as olives, celery, carrot, parsley, coffee, 
pumpkin, bean, pea etc. (Stoop et al., 1996). 
In relation to sucrose as a source of energy and carbon, T2 
with 30 g L1 allowed the highest length values, number 
of internodes and roots in the explants with 26.56 mm, 
2.39 and 1.28, respectively; this due the added sucrose 
in T2 which is recommended to obtain good growth of 
the explants. Menchaca et al. (2011) used 20 g L1 of 
sucrose in culture medium, and reported good results in 
for seed germination in vitro of a hybrid of V. planifolia 
and V. pompona. Others, like Gatjens et al. (2018), used 
30 g L1 sucrose in the culture medium for massive 
propagation and formation of vanilla protocormic callus 
from root tips.
The lowest values were recorded on culture medium 
with no sucrose. These were 11.42 mm in the explant 
length and 0.11, 0.98 and 0.0 number of internodes, 
shoots and roots, respectively. The other treatments 
showed intermediate growth, since when sucrose 
decreased and mannitol increased, the explant growth 
was minimal. Lemoine (2013) remarks that the sugars 
synthesis, transport and metabolism are important in 
plants that grow in the field, since they determine their 
growth. However, in in vitro culture conditions, the 
explants are not sufficiently autotrophic, because the 
conditions are not very suitable for photosynthesis, and 
the addition of sugars to the culture medium is essential 
to satisfy the energy and carbon demand for the adequate 
development of explants (Pierik, 1990; Ertola et al., 1995; 
Rukundo, 2012). In a research on V. planifolia, Divakaran 
et al. (2006) managed to conserve shoots in vitro in MS 
culture medium supplemented with 15 g L1 sucrose. 
The in vitro behavior of the interspecific vanilla hybrids 
in the different treatments with sucrose and mannitol 
were statistically different (P0.05). H6 allowed the 
shortest length, with 13.40 mm, and the lowest number 
of internodes, 0.66. H4 allowed the greatest length, 
19.18 mm, and 1.61, 0.88, and 0.0 for the number of 
internodes, shoots and roots, respectively. The other 
hybrids displayed an intermediate behavior, presenting 
an interval between 15.16 to 18.34 mm in length and 
0.96 to 1.61 knots on the stems (Table 3).
The H4 was the hybrid with the lowest number of shoots 
(0.88), while H2, registered the highest number of roots 
(1.03). H4 and H5 had no roots during the six conservation 
months. The differentiated behavior recorded in the 
hybrids may be due to their genetic condition as a result 
of the crosses with different origin parents (Figure 1). Raya 
et al. (2009) found that the in vitro rooting of the Freedom 
and Saltereck vine rootstocks varied between genotypes 
and also depended on the source and concentration of 
sugar, as well as the osmotic potential in the medium. 
This shows that the conditions to induce rooting are 
defined by each genotype and should not be generalized. 
In this regard, Gianni and Sottile (2015) stated that, in the 
in vitro conservation of plum germplasm under slow 
growth the capacity of the sprouts was closely related 
to the genotypes that generate new combinations in 
the F1 explants. Márquez (1988) remarks that when 
a cross is made, the hybrid vigor is 
taken advantage of, this phenomenon 
that occurs in progeny with genetic 
characteristics, they tend to be better 
than the parents.
According to the simple linear 
regression analysis on the length of 
explants over time (Table 4), T8 had 
the lowest regression coefficient, 0.34, 
followed by T1 and T7 with 0.40 and 
0.75, respectively. T2 and T3 registered 
the highest regression coefficients, 
with 3.97 and 2.76, each. T4, T5 and 
T6 presented intermediate regression 
Table 3. Behavior of Vanilla planifolia hybrids in minimal growth conditions.
Hybrid (Parents)







H1 (2727) 16.57ab 0.96cd 1.07a 0.41c
H2 (19520) 18.34ab 1.44ab 1.15a 1.03a
H3 (11139) 17.90ab   1.34abc 1.04a   0.86ab
H4 (1117 )      19.18a      1.61a 0.88b     0d
H5 (11221 ) 15.16bc 1.09bc 1.05a     0d
H6 (12427)      13.40c 0.66d 1.04a     0.45c
H7 (12428)      15.90abc  1.15bc 1.06a     0.62bc 
DMS 3.40      0.42 0.13     0.37
Means with the same letter in column between treatments are statistically equal (Tukey, 
0.05); mm  millimeters.
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Figure 1. In vitro development of 
interspecific vanilla hybrids in minimal 
growth conditions. H1 (crosses 2727); 
H2 (crosses 19520); H3 (11139); H4 






Table 4. Linear regression coefficients in eight treatments for 






1 9.58 0.394 ** 0.995 0.05
2 5.06 3.97 ** 0.957 1.53
3 6.95 2.76 ** 0.980 0.56
4 7.99 1.99 ** 0.997 0.16
5 7.6 1.78 * 0.801 1.62
6 8.89 1.08 ** 0.996 0.13
7 9.16 0.75 ** 0.987 0.16
8 9.64 0.34 ** 0.973 0.10
coefficients (Figure 2) since it is observed 
that during the six months that the 
hybrids were in growth, T8 was the one 
that showed minimal growth compared 
to the other treatments. 
Overall, the behavior of mannitol 
and sucrose together in the culture 
medium turned out to be effective to 
reduce in vitro growth of hybrids of 
V. planifolia. Few similar works carried 
out for the species, like that of Bello et 
al. (2015) where two osmotic agents 
(mannitol and poliethylenglycol) and 
two plant growth inhibitors (abscisic 
acid and paclobutrazol) were used for 
their conservation under slow-growth 
conditions, the length of the explants 
tended to be greater compared to 
those obtained in the present work in a 
similar period. 
      
The information obtained in this study 
has been essential for the vanilla 
genetic improvement program at the 
Benemérita Universidad Autónoma 
de Puebla, since the hybrids that are 
currently being developed in fields with 
good agronomic characteristics (Figure 3), must be 
conserved in vitro under minimal growth for later use 
massively by producers in Mexico. 
CONCLUSIONS 
Mannitol and sucrose significantly reduce the explant 
growth of interspecific hybrids of V. planifolia when 
developed in a culture medium with concentrations of 30 
g L1 mannitol without sucrose. The differences on the 
behavior of V. planifolia hybrid explants at the different 
concentrations of mannitol and sucrose could be due to 
the new genetic combinations generated when making 
the crosses between progenitors of different origin.
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